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Introduction
Research on the economic understanding of high school and undergraduate students has a long tradition in economics and economic education research (see Allgood et al., 2015; Walstad, 2001; Becker, 1997; Siegfried and Fels, 1979 for reviews). Much of the evidence on economic literacy of school students comes from the U.S., as there is an increasing number of federal states implementing high school economic education and personal financial education mandates (see Urban et al., 2018 for a study using the most comprehensive database of mandates). While the recent attention to the topic of limited financial literacy (i.e. a subset of economic literacy) among various populations has spurred research around the globe, the number of studies from outside the U.S. remains limited (see Miller et al., 2015; Menkhoff, 2017 for reviews).
Evidence on the level of economic understanding of pre-university students in Germany is particularly scarce. This is partly due to the reason that economic education mandates in Germany have been very limited and virtually non-existing in the past (see Remmele and Seeber, 2012) . While there are two rigorous studies evaluating school financial education interventions in Germany (Lührmann et al. 2015 (Lührmann et al. , 2018 , explorative studies on financial literacy among high school and (first-year) university students relying on nonrepresentative convenience samples (Schuhen and Schürkmann 2014; Erner et al. 2016 , Förster et al. 2017 Kaiser 2018; Happ and Förster 2018) , and studies assessing economic understanding of (first-year) undergraduate university students in convenience samples (e.g. Happ et al., 2016) , there is no representative study of economic competence in secondary schools in Germany to date. This paper seeks to address this gap in the literature and is situated in context of a recent curriculum reform in the state of Baden-Württemberg, Germany, introducing mandatory economic education as a separate school subject from grades 7 to 10 for all general education school types. Our paper presents evidence from a representative largescale assessment of early secondary school students at the end of grade seven, belonging to the last cohort of students without mandatory economic education.
Thus, we seek to provide an empirical investigation into the ex-ante levels of economic competence and to explore existing differences in economic competence across school types and observable student characteristics. We employ a newly developed performance test (Seeber et al., 2018) which is derived from a competence model underlying economic education standards in Germany and the school economic education curriculum in the federal state our study is set in (see Retzmann and Seeber 2017) .
The study results in three main findings: First, we document a gender gap in economic competence favoring male students (+ 0.19 SDs, on average), which is in line with the literature on economic literacy in U.S. and U.K. high schools (e.g. Heath 1989; Davies et al. 2005; Walstad 2013 ), a recent study on financial literacy of secondary school students in Germany (Erner et al. 2016) , international evidence on gender differences among undergraduate students , and the (adult) financial literacy literature (cf. Lusardi and Mitchell 2008 , 2014 Lusardi et al. 2008 Bucher-Koenen and Lusardi 2010; ) . The gender gap favoring male students is very similar in size to the gender gap in mathematics achievement of German students documented in PISA 2015 (cf. OECD 2016) and about two to two and a half times the average (conditional) gender gap across 13 OECD countries participating in the PISA financial literacy assessment 2012 (OECD 2014, p. 80) . As the employed economic competence test accounts for the possibility of (uniform) differential item functioning (DIF) with regard to gender (see Walstad and Robson 1997) , this finding is not the result of measurement error or differential item (format) responses. Additionally, we document that the gender gap increases along the distribution of economic competence: While the gap amounts to approximately 0.1 SD units at the 20 th percentile, the gender gap increases to 0.15 SD units at the median and amounts to 0.23 SD units at the top of the economic competence distribution (80 th percentile).
Thus, the gender gap is especially evident among high performing students.
Second, we show that children of migrants (-0.23 SDs) and children of parents of lower socio-economic status (SES) have, on average, lower levels of economic competence. The effect of the parents' SES are more pronounced at the higher moments of the distribution. The effect of being a child of migrant parents is smaller at the top of the competence distribution (-0.18 SDs at the 80 th percentile) relative to the effect at the median (-0.27 SDs) or the 20 th percentile (-0.30 SDs). We investigate in complementary analyses (using a different definition of migration background based on the primary language used at home) that this effect is likely to be driven by differences in language skills resulting from the fact that the primary language at home is different from the language used in school (cf. Cameron et al. 2014; Happ and Förster 2018) . Additionally, we document positive correlations between self-reported math and reading skills and economic competence. However, these self-reported measures are less predictive of performance on the test for individuals at the bottom of the competence distribution.
Third, we document differences in average competence levels between the different school types in Germany. As the German system sorts secondary school children into different ability-tracks, we find that students in the lower track schools (Realschule and Werkrealschule) have, on average, 0.5 to 0.8 standard deviation units lower levels of economic competence than those in the highest track school type (Gymnasium). Comparing the highest track school type (Gymnasium) to a comprehensive school type accommodating students of all ability-levels (Gemeinschaftsschule) also results in a large and significant difference of about 0.94 standard deviation units. Differences between the lower tier school types (Werkrealschule and Realschule) are relatively small (about 0.25 to 0.3 SD units). Interestingly, economic competence in Realschule (e.g. a lower track school) is about 0.4 SD units higher than in the comprehensive school type (Gemeinschaftsschule). Additionally, the variance in economic competence within schools and school types is much larger than across schools and school types, thus questioning the efficacy of the aspired tracking of students of similar (economic) ability into the school types. Overall, our analysis serves as an important baseline benchmark and informs about existing heterogeneity in economic competence among the target group of secondary school students in absence of formal instruction in economics.
This paper is structured into five further sections: Section 2 describes the sampling process (2.1) and provides descriptive statistics for the sample of schools and students covered (2.2). Section 3 describes our empirical strategy in assessing the levels of economic competence (3.1) and dealing with missing values (3.2), the regression models used to study observable predictors of economic competence (3.3), as well as the methods used to assess the sensitivity of our results to model selection and choice of estimation method (3.4). Section 4 presents results while section 5 discusses these results with regard to prior literature and concludes.
Data
In the following, we describe the sampling procedures (2.1) and provide an overview of sample descriptive statistics (2.2).
Sampling
We initiate our sampling process by partitioning the whole population of interest, e.g.
all students in 7 th grade visiting a public school in the German federal state of BadenWuerttemberg, into subgroups by variables that indicate a strong relationship with our target variable (explicit stratification). We stratify by school type and degree of urbanization. Thus, our classification of the sample population results in twelve strata (four school types within three degrees of urbanization ("high", "medium", "low")). We account for the degree of urbanization by classifying administrative districts with regard to their population per square kilometers ratio: A population density of below 220 is defined as a "low degree of urbanization", between 220 and 485 is defined as "medium degree of urbanization" and above 485 is defined as a "high degree of urbanization". Figures 1a and 1b show the population density of administrative districts and the spatial distribution of sampled clusters in BadenWürttemberg.
Figure 1: Population density map and spatial distribution of sampled schools
Notes: A population density of below 220 residents per square kilometer is defined as a "low degree of urbanization", between 220 and 485 residents per square kilometer is defined as "medium degree of urbanization" and above 485 residents per square kilometer is defined as a "high degree of urbanization".
As administrative records of the entire student-population of interest are not available to us, we follow a two-stage cluster sampling procedure with selection of schools in the first stage and a random selection of one 7 th grade class per school in the second stage. The number of selection elements (schools) in each stratum is adapted to the proportions of strata in the target population (probability proportional to size). Beside explicit stratification variables, we introduce school size as an implicit stratification variable. To ensure representation of schools of all sizes, we sized strata and deployed systematic sampling using sampling intervals in each Table A1 in the appendix).
We compensate any remaining disproportionalities by means of including design weights in all of our analyses. These are defined as the inverse of selection probability ( , ) .
The total selection probability is obtained by multiplying the school selection probability ( ) with the class selection probability ( ) , e.g. is selected with equal probability (
. Student weights ( , ) follow from the inverse of the total selection probability:
. Finally, student weights are normalized to the number of sampled participants,
Descriptive Statistics
Within our framework of the ongoing panel study WiKo-BW that measures longitudinal development of economic competences and evaluates the impact of the introduction of mandatory economic education, we capture demographic data at the individual level and school characteristics at the cluster level as shown in Table 1 .
The dependent variable WLE represents the estimated person ability from the oneparametric Rasch Model on a logit scale (see section 3.1) and WLE.500 is its transformation to have a mean of 500 and a standard deviation of 100 in the entire sample of students, as is the usual convention for large-scale assessments such as PISA (see e.g. OECD 2014). For the variable sex, "0" represents female and "1" represents male participants. 55 percent of students in our sample are male. Migration background mig is defined as at least one of the students' parents being born abroad (41 percent of students). In terms of mother tongue, represented by the categorical variable native, we asked participants for the primary language in their childhood: German (1) (63 percent), bilingual (2) (25 percent) or a foreign language (3) (12 percent). We also proxy for the socio-economic status of parents (book) by asking participants how many books (excluding school books and magazines) are available within the household on a scale from 1 (none) to 6 (several bookshelves). The mean value of this variable is 3.44
with a standard deviation of 1.62. In order to control for students' school performance, we ask for (self-assessed) reading abilities (selfread) (M=3.86, SD=0.71), mathematical abilities (selfmath) (M=3.51, SD=0.85), and overall school performance (selfall) (M=3.66, SD=0.64) on a 1 (low) to 5 (high) scale.
Moreover, we ask students about their interest in economics (interesteco) (M=2.53, SD=0.76) and their subjective assessment about the importance of economic knowledge in general (interestimp) (M=2.97, SD=0.75) on a 1 (low) to 4 (high) scale. We assess financial behavior by asking students whether they have a bank account, an ATM card (credit or debit) and the frequency of usage for both the account and ATM card. As all of the four variables capturing financial behaviors are strongly correlated, we built an equally weighted z-score summary index of all components (bankexp) based on the method described in Kling et al. (2007) . We also measure labor income (ownsalary) from student-jobs (67 percent of students have a studentjob). The average survey duration (time) is 27 minutes (SD=8.68).
At the school level, we note that 39 percent of sampled students in the 7 th grade in Baden-Wuerttemberg visit the most sophisticated school type (Gym) while 45 percent visit the lower tier school types (WS and RS) and 16 percent visit a comprehensive school type that combines the traditional tracks into one school. Additional cluster-level variables are school size (average size of 658 students, SD=222.5), the ratio of students per class who don`t speak
German as their primary language in childhood to those with German as their primary language in childhood (prop.no.native) (M=0.346) and the degree of urbanization of the area the school is located in (urbanization) as discussed above (M=1.94, SD=0.81).
Methods
This section describes the measurement of economic competence (3.1), the handling of missing data (3.2) and the regression models used to investigate predictors of economic competence among early secondary school students (3.3 and 3.4).
Assessing Economic Competence
We measure economic competence by using an adapted version of a comprehensive performance test for German secondary school students in grades 7 to 10 developed by Seeber et al. (2018) . This test is based on a competence model described in Retzmann et al. (2010) and Retzmann and Seeber (2017) where economic competence is divided into three competence areas and can be viewed from the perspective of three economic roles. The process of items selection, validation, and measurement characteristics of this comprehensive test for students ranging from grade 7 to 10 are reported in full in Seeber at al. (2018) and .
We report the psychometric (re-)validation of our reduced item set in the following:
Our adapted version of the test uses a subset of 25 single choice and 5 open response items to measure economic competence among 7 th grade students (see Table A2 in the appendix). The number of items is distributed evenly among the competence areas. We validated the adapted competence test using probabilistic test theory, where manifest variables (item responses) attribute to latent abilities (economic competence). The latent ability is estimated with the OneParameter-Logistic Model (1-PLM) (Rasch 1960) :
The maximum likelihood estimator maximizes the likelihood function resulting in person abilities and item difficulties on a common logit scale of [-4:4] . We rely on WLE estimators instead of the unweighted MLE estimators (Weighted Likelihood Estimation; Warm 1989) as they allow more precise measurements through weighting individual item information.
Figures 2a and 2b show the distribution of WLE estimates (economic competence) and their relationship to sum scores. As the 1-PLM relies on raw scores for ability estimation (sufficient statistics), correlation between WLE and sum scores is, in case of model validity, strong (here:
Since the discrimination parameter is constrained to be fixed for all items of the scale, we assess item discrimination for single items by using the item total correlation from classical test theory. The item total correlation is defined as the point-biserial correlation (rpb) between sum scores and the observed item response. In general, we excluded items with rpb < 0.20 from further analysis. However, due to construct relevance some items slightly below our rpb threshold remain in the test (see Table A2 ). We exclude two items with rpb close to zero. To assess test fairness among subgroups, we implemented differential item functioning (DIF) analyses by following the common classification of "educational testing services" (ETS) (Zwick, 2012) . The ETS approach transforms the Mantel-Haenszel odds ratio to the logistic definition of the delta scale using the formula specified in Holland and Thayer (1988) , Pohl et al., 2010, 425) . The test of economic competence (Seeber et al. 2018) 
Multiple Regression Models
We analyze determinants of economic competences by means of several multiple regression methods. The basic OLS regression model takes the form:
where , represents the competence measure that is imputed and pooled from latent regression (plausible values) of participant i in school j. , represents a covariates vector at the individual and school level. To ensure proper statistical inference, error term assumptions are adapted to the two-stage sampling process by weakening normal distribution assumptions on cluster levels
i.e. correlation between error terms within clusters is tolerable while error terms between clusters remain independent as unobserved factors like teacher influence, cognitive abilities or numeracy tend to be more similar within schools/classes than between schools.
In order to adapt estimation results to the clustered sampling structure we extend the basic OLS regression model to a hierarchical model. Therefore, we allow intercepts to vary across schools by usage of the random intercept model as varying regression coefficients between schools seem implausible. The extended multilevel model takes the form
where . * represents the cluster-robust standard errors specified in equation (2) and 0, represents a composition of mean competence value 00 and a group dependent deviation 0,
Quantile Regression Models
As regression models (2) and (4) 
Robustness exercises
For further check robustness and accounting for uncertainty in model selection in the search of meaningful predictors, we choose the regularization method Lasso (Least absolute shrinkage and selection operator; Tibshirani 1996) . In this approach the OLS residual square sum is minimized with subject to lasso penalty 1 = ∑ | |
=1
smaller than tuning parameter .
The minimization problem follows the equation
where resembles power of shrinkage. If < ∑ | |
, OLS estimators will be shrunk to zero, i.e. negligible predictors are excluded. Equation (8) can also be written as the penalized maximum likelihood estimator
with penalization term ∑ | |
and representing a measure of shrinkage (Tibshirani 1996, 269) which is in contrary relation to tuning parameter , i.e. for sufficient high values of estimators are pushed towards zero. Due to its strong correlation with migration status mig we exclude the variable native in the regression. Table 2 shows results for the random intercept model specified in equation (5) while more naive OLS results are shown in Table A4 in the appendix. The empty model predicts a comparatively strong intra-class correlation (ICC = 0.27). All non-categorial variables are mean-centered to ease the interpretation of the estimated intercepts. With regard to multicollinearity, we analyzed correlations between predictor variables. Only the variables mig and native show a strong correlation above 0.8, which is why we excluded the latter from regression analysis. All other variables show correlations below 0.5. Multiple regression with the complete variable set showed merely a maximum variance inflation factor (VIF) of 3.4 (mean VIF of 1.5). In order to account for residual collinearity, we add variables in blocks building on the four main demographic variables.
Results

Random intercept model
Models (1) - (6) show a moderate and slightly significant gender gap in favor of male participants, which corresponds with findings from an antecedent cross-sectional study in Baden-Württemberg (Seeber et al. 2018b) . After controlling for survey duration (time), however, the effect size increases to significant 18.55 points in the complete model (see models 7 and 8). Next, a one-year increase in age lowers competence levels by almost 10 points after controlling for the complete set of variables as younger students within one grade consist partially of repeaters and children of migrants with lower German-language skills (Model 8).
The initial effect size of -14.43 is inter alia confounded by school variables (Model 2) since students visiting a less sophisticated school type (WS and GMS) are older, on average, by (selfassessed) mathematical and reading abilities (Model 3) and by survey duration (time) (Model 7). Migration status (mig) is associated with a lower competence level by 23.01 points and remains relatively constant across regression models. We complement the analysis of migration background by exchanging this variable with the variable native (primary language spoken at home) using two different definitions: In one specification we code bilingual students as native speakers and in one specification we code them as non-native speakers. Using these definitions of migration background, we find that the score difference increases to 25.3 points (bilingual=non-native) and 26.5 points (bilingual=native) respectively (available on request).
Thus, differences in competence may be driven by differences in reading comprehension resulting from the fact that the primary language at home is different from the main language at school.
The variable book is confounded with the multilevel structure as intra-class correlation in a one-way ANOVA with the dependent variable book reaches 0.24 (see also OLS-Regression -Model 2 in Table A4 ). An analysis of school type affiliation (tracks) relative to the comprehensive school including students of all ability levels (Gemeinschaftsschule) shows strongest overall effects for participants visiting a Gymnasium (almost one standard deviation)
followed by participants visiting a Realschule with a net effect of 45.66 on the competence scale. However, in Model (5) the effect of affiliation to type of school Gymnasium shrinks and the effect of Werkrealschule becomes insignificant after controlling for variables capturing attitudes towards economics.
Self-assessment of mathematical ability and literacy show small but significant effects while the self-assessment of overall school performance has no significant influence. With regard to survey time, a one-minute increase in total survey duration is associated with an increase of 2.95 units on the competence scale. This effect can be interpreted as the returns to more effort on the test.
Overall, the variables school type (GYM, RS, WS compared to GMS), sex, book, mig, age, and time are most predictive of the outcomes. From a qualitative perspective, the results on gender differences (sex), parental socioeconomic status (book) and immigration background (mig) appear to be most important. 
Quantile Regression
In an additional step we conduct a quantile regression as specified in equation (7).
Results for selected variables of interest are displayed in Figure 3 while complete models are shown in Table A5 in the appendix.
The plots show quantile regressions estimates across five different distribution moments (0.2, 0.4, 0.5, 0.6, 0.8) and the associated 95% confidence interval (CI) represented by the grey area.
For comparisons, the solid horizontal line shows coefficient estimates from conventional mean regression (OLS) and the dotted lines indicate the bounds of its 95% CI.
The plot corresponding to the gender variable sex locates within OLS confidence bands along all distribution moments and show -in comparison to OLS estimates -a weaker gender gap at the first four moments. At the highest moment, however, male participants show a higher test result by 23.38 points (0.23 SD units) (p < .05).
These results correspond with results from PISA where gender gaps in favor of male students are even wider among high performers in the mathematics domain (OECD 2013).
Migration status shows stronger (negative) effects in lower moments at the distribution.
Students with immigration background (mig) at M=.2 achieve a lower test result by -29.62 points (-0.296 SD units) (p < .01) while effect size shrinks almost by half to -18.00 points (p <.05) among high performers at distribution point M = .8. The importance of educational background of parents (book) remains within OLS confidence bands along the first distribution moments and only exceeds the OLS regression estimate at M = .8 with an effect size of 9.15 points (p<.01) while all remaining distribution moments show smaller effects than mean regression. Thus, gender differences are more pronounced among top performing students, differences between students with an immigration background and students with parents born in Germany are smaller at the higher moments at the competence distribution, and test results at the top of the competence distribution are more strongly dependent on parents' socioeconomic status (book) than at the lower moments of the distribution. 
Robustness exercises
To account for uncertainty arising from model selection, we complement these analyses by conducting a LASSO regression. Table A4 .
Results are near identical. Comparing effect sizes across educational domains is inherently difficult. However, empirical and normative benchmarks (from the U.S.) suggest that this difference may be equivalent to the gain in (standardized test scores on) reading achievement in the transition from grade nine to ten, ten to eleven, or the gain in mathematics achievement from grade ten to eleven in absence of any interventions (Hill et al. 2008, p.173) .
Could increased formal instruction in high school economic education close this gap?
While there is no systematic review on the effect of economic education on increases in economic literacy, knowledge or competence, a meta-analysis of a large body of work on personal financial education in schools exists (see Kaiser and Menkhoff 2018) . Comparing the size of the gender gap to the weighted average effect reported in 14 randomized experiments (RCTs) and 17 quasi experiments shows that the mean difference is equivalent to twenty hours of instruction (at average delay in measurement, class size, and student characteristics) (cf. Kaiser and Menkhoff 2018, p. 27) . Thus, the gender gap is quite substantial in size and amounts to the intensity of two thirds of a school year in instruction of the newly introduced economic education mandate in Baden-Württemberg for the following cohort (economics is taught as one 45-minute lesson per week).
Next, we document that thirteen percent of the variance in economic competence is explained by the socio-economic status of students' parents (proxied by the variable book). In our context, a one standard deviation increase in the variable book is associated with a 8 point 8 increase in economic competence (0.08SD). Thus, we find support that differences in parents education (socio-economic status) may be important in understanding the existing heterogeneities in economic competence in absence of formal instruction. This result is very similar to results from the 2012 (2015) PISA financial literacy assessment where fourteen (and ten) percent of the within-country variance in financial literacy scores can be attributed to parents' socio-economic status (see OECD 2014 OECD , 2017 . Thus, our research confirms the importance of parents as socialization agents (cf. Grohmann et al. 2015) : Achievement in the economic domain is strongly dependent on parental influence, thus highlighting the need to offer assistance and tailored instruction to children of parents who do not actively discuss economic matters at home.
Additionally, we provide evidence that students with an immigration background perform worse (-0.23 SD units) on the competence test than those whose parents have been born in Germany. These findings correspond to results from the 2012 and 2015 PISA financial literacy assessment where the (conditional) difference between students with an immigration background and those with parents born in the respective country of assessment amounts to about 0.19 to 0.26 SD units (OECD 2014 (OECD , 2017 . Similar to Happ and Förster (2018) , we investigate the source of this difference in test performance and find that the effect of immigration background increases when operationalized via the primary language spoken at home (instead of the place of birth of one parent). Our results are in line with the observation that differences in competence may be driven by differences in reading comprehension resulting from the fact that the primary language at home is different from the language used at school.
The analyses presented in our paper serve as important baseline information regarding the future impact evaluation of mandatory economic education introduced with the recent curriculum reform in Baden-Württemberg. Several large-scale evaluations of economic (and financial) education curricula have shown beneficial effects on knowledge and field behaviors (e.g. Bruhn et al. 2016; Frisancho 2018) . Our studied sample belongs to the last cohort without mandatory economic education and will continue without economics as a school subject throughout secondary school. Our large-scale longitudinal assessment will follow students of this cohort and the next cohort (with mandatory economics education) until the end of 10 th grade to arrive at difference in difference estimates of the economic education impacts. The determinants of ex-ante levels of economic competence, thus, serve as important variables regarding the investigation of potential heterogenous effects in response to economic education.
We will be particularly interested in the effects of mandatory economic education on the gap between males and females, the difference between students with immigration background to those without a history of migration and the effects on students with parents of lower socioeconomic status. 
